Validation of Satellite-Derived Ocean Color: Theory and Practice
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INTRODUCTION:

These benefits include:

1) Provide a measure of accuracy to satellite derived products to lend
confidence in their scientific utility;
[]
[2) Identify conditions, either oceanic, atmospheric, or satellite specific, for
which satellite derived products are invalid; and
[]
[3) Provide a consistency check to ensure that satellite calibration is correct,
and to monitor long-term stability of satellite measurements.

The basic concept of satellite validation is quite straightforward: compare
coincidentally collected satellite and in situ measurements. There are a
number of considerations that must be taken into account in order to realize
this concept. These can be categorized as satellite-, measurement-, or
environment-specific.
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Figure 1. An example data set illustrating validation time dependent effects.
These data were collected on 02 February 1999 by a Monterey Bay
Aquarium Research Institute (MBARI) mooring situated at the mouth of
Monterey Bay, CA. The shaded regions indicate data collected outside a +/-
3-hour window of the SeaWiFS overflight (indicated by the shaded bar at
20:50 hrs). @) Lw at 490nm, b) Es a 490nm, ¢) nLw at 490nm. Panel c
shows that for this day, in situ calculated nLw's can vary by as much as 10%
(ignoring outliers due to passing clouds) in the 6-hour window typical of a
validation analysis.
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Satellite-specific:

3) Algorithms - An important concept for consideration when making
comparisons for the sake of validation is that the satellite product being
evaluated is a derived product. An understanding of the algorithms involved
in the retrieval of the satellite product is essential.

3) Comparability - Differences in the quantity measured by an in situ
instrument and that derived by satellite observations need to be considered.
For example, an in situ radiometer may measure upwelled radiance at
488nm with a 10nm band pass, while the satellite sensor measures 490nm
with a20nm band pass. [

[]

1) Measurement accuracy - While in situ measurements are sometimes
referred to as 'ground' or 'sea truth measurements, they rarely provide
absolute truth. The errors associated with an in situ measurement must be
adequately characterized and considered when evaluating validation results.

[P) Coincidence - The applicability of an in situ measurement towards
validation of a satellite product strongly depends on the time the
measurement was collected relative to the time the satellite imaged the in
situ location. The acceptable time difference is dependent on the stability of
the geophysical parameter being compared (Figure 1).
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Figure 2: SeaWiFS image of the Gulf of Maine on 20 June 2000. The blue
lineistransect of flow-through data measured by Bigelow Laboratory.
Notice that just past the midpoint of the transect, the cruise tracks along a
chlorophyll frontal region.

Environment-specific:
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sophisticated as they are, cannot account for all environmental conditions
which may be encountered. The limitations of the algorithms need to be
understood, and environmental conditions need to be known, so that

validation results can be interpreted correctly.
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Figure 3: Plots showing in situ and satellite-derived chlorophyll for each
point along the transect linein Figure 2. The solid black line with diamond
points arethein situ data. The circles are the satellite data; black for the
corresponding pixel, green for a 3x3pixel box, red for a 5x5 pixel box, and
blue for a 7x7 pixel box. Notice that the size of the box chosen can affect
the resulting validation matchup, particularly for dynamic regions.

In order to validate a satellite data product, in situ data must be available. To
facilitate the validation process, the SIMBIOS project, in conjunction with
the SeaWiFS Project, has developed a database of radiometric and
phytoplankton pigment data, and other oceanographic and atmospheric data:
the SeaWiFS Biooptical Archive and Storage System (SeaBASS).
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Figure 4. Data from Figure 1 are replotted after normalization to the cosine
of the solar zenith angle. This figure illustrates that even with cosine
normalization, considerable roll-off can occur in water-leaving radiances
outside a£2.5 hour window of local noon.

Spatial/Temporal match:

Exclusion criteria:
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1) Minimum number of valid pixels. At least 50% of the non-land pixels in
the defined 5x5 box must be unflagged. The following flags (or their
equivalent) considered are:

Land
[ITloud/I ce
[Bun glint
[MStray light
[MBhallow water
[MMurbid water
[MHigh aerosol concentration
[IMAtmospheric correction algorithm failure
[IProduct algorithm failure/ algorithm out-of-bounds
[ arge satellite zenith angle
[ arge solar zenith angle
[0
2) Duplicate in situ data reduction: Duplicate measurements are reduced
either by elimination or averaging. This includes along-track measurements
where a number of measurements may be taken within the footprint of a
single satellite pixel or match-up ‘box'.

3) Large coefficient of variation: Satellite matchups with a large variation
between pixels in the defined box are eliminated from consideration. This
ensures that frontal regions or other anomalies (e.g., cloud edge effects) do
not bias the validation results.

The validation technique described here has been successfully applied to
SeaWiFS, OCTS, MOS and MODIS (Figure 5).

Figure 5. Validation results from various satellite sensors. a) SeaWiFS -
global validation results with map, b) OCTS - global validation results and c)
MQOS - spectral comparison validation.




